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DETAILED ACTION 
Response to Amendment 

The examiner acknowledges the amending of claims 1, 24-25, as well as the 
addition of claims 27-28, and the filing of a terminal disclaimer. 

Response to Arguments 

Applicant's arguments with respect to claims 1-26 have been considered but are 
moot in view of the new ground(s) of rejection. 

The examiner agrees that the claims, as amended, overcome the previous 
rejections that relied upon Xu, Kohler, Williams, and Goodhue. 

The action is made non-final as claim 27 is largely the same as the combination 
of previous claims 1 and 3. The examiner agrees with the arguments presented by the 
applicant with regards to previous claim 3. 

Claim Objections 

Claim 27 is objected to because of the following informalities: 

The language "...wherein the laser is capable of generating lasing..." found in 
claim 27 is objected to as being vague and indefinite. The examiner suggests changing 
the claim language to state "...wherein the laser generates lasing...". 

Appropriate correction is required. 

Claim Rejections ■ 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
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A person shall be entitled to a patent unless - 

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

Claims 1-2, and 4-26, are rejected under 35 U.S.C. 102(a) as being anticipated 
by Williams et al. (Williams et al., "3.4-THz quantum cascade laser based on 
Longitudinal-optical-phonon scattering for depopulation," Appl. Phys., Leo. 82. 1015 
(2003)). 

With respect to claim 1 , Williams discloses a quantum cascade laser, comprising 
a semiconductor heterostructure providing a plurality of lasing modules connected in 
series (col. 3 para.1), each lasing module comprising a plurality of quantum well 
structures collectively generating at least an upper lasing state, a lower lasing state, and 
a relaxation state (fig. 1a) such that said upper and lower lasing states are separated by 
an energy corresponding to an optical frequency in a range of about 1 to about 10 
Terahertz (abs.), and such that a radiative lasing transition between said upper lasing 
and said lower lasing state is spatially vertical (col.2 para.2) and wherein electrons 
populating said lower lasing state exhibit a non-radiative relaxation via resonant 
emission of Lo-phonon into said relaxation state (col.2 para.2) such that a ratio of a 
lifetime of said upper lasing state relative to a lifetime of said lower lasing state is at 
least about 5 (col.2 para.2, upper/lower=12.9). 

With respect to claim 2, Williams discloses the quantum cascade laser of claim 1 , 
wherein said non-radiative relaxation of the lower lasing state into the relaxation state at 
a selected operating temperature of said laser is faster than a corresponding relaxation 
rate of said upper lasing state into said lower lasing state (col.2 para.2 T4-(1 ,2) faster 
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than T5-(1,2)), and wherein said resonant Lo-phonon emission selectively depopulates 
the lower lasing state such that a ratio of a lifetime of said upper lasing state relative to 
lifetime of said lower lasing state is at least about 10 (col.2 para. 2, t4=0.55ps, t5=7.1ps, 
t5/t4=12.9). 

With respect to claim 5, Williams discloses the cascade laser to operate in pulse 
mode (col. 3 para. 2). 

With respect to claim 6, Williams discloses the cascade laser to comprise an 
electrical contact for applying a bias voltage across the heterostructure (col. 3 para.1). 

With respect to claim 7, Williams discloses that the bias voltage causes a 
relaxation state of each lasing module to be in substantial resonance with an upper 
lasing state of an adjacent module to allow resonant tunneling of electrons there 
between (col.1 para.1). 

With respect to claim 8, Williams discloses that electrons populating an upper 
lasing state of each module exhibit a vertical optical transition into a lower lasing state of 
the module (col.2 para.2). 

With respect to claim 9, Williams discloses the quantum cascade laser of claim 1, 
wherein in each of said lasing modules, said relaxation state is characterized by a 
wavefunction exhibiting substantial amplitude in a first one of said quantum wells 
(fig. 1a), said upper lasing state is characterized by a wavefunction substantially 
concentrated in quantum wells other than said first quantum well (fig. 1a), and said lower 
lasing state exhibiting sufficient amplitude in said first quantum well so as to cause a 



Application/Control Number: 10/661,831 Page 5 

Art Unit: 2828 

substantial phonon coupling between said lower lasing state and said relaxation state 
(coL2 para.2). 

With respect to claim 10, Williams discloses said upper and lower lasing states to 
exhibit substantial amplitudes in at least one of said quantum wells (fig. 1a) so as to 
allow a vertical optical transition between said upper and lower lasing states (col. 2 
para.2). 

With respect to claim 1 1 , Williams further discloses said quantum wells generate 
a fourth state in substantial resonance with said lower lasing state upon application of 
said bias voltage (fig. 1a). 

With respect to claim 12, Williams further discloses the electrons populating said 
fourth state exhibit relaxation via resonant LO-phonon scattering into said relaxation 
state (col.2 para.2). 

With respect to claim 13, Williams discloses the cascade laser to comprise an 
upper contact layer and a lower contact layer between which said semiconductor 
heterostructure is disposed (col. 3 para.1). 

With respect to claim 14, Williams discloses the heterostructure to be formed of a 
stack of alternating GaAs and AI(0.1)Ga(0.85)As layers (col.2 para.2). 

With respect to claim 15, Williams discloses the heterostructure to have a 
thickness in a range of about 1 to about 10 urn (fig. 1a) 

With respect to claims 16-17, Williams discloses the contact layer to be formed of 
heavily doped GaAs with a doping level of about 3x10 A 18 (col. 3 para.2). 
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With respect to claim 1 8, Williams discloses a waveguide coupled to said 
heterostructure for confining selected lasing modes of said laser (col. 3 para.2) 

With respect to claim 19, Williams further discloses said waveguide is formed of 
a metallic layer (upper) and a heavily doped semiconductor layer (lower) between which 
said semiconductor heterostructure is sandwiched (col.3 para.2). 

With respect to claim 20, Williams further discloses the waveguide is formed of 
two metallic layers between which said semiconductor heterostructure is sandwiched 
(col.3 para.1 , metal and quasimetallic). 

With respect to claim 21 , Williams discloses the number of lasing modules to be 
within a range of about 100 to about 200 (col.3 para.1, 175 periods). 

With respect to claims 22-23, Williams discloses the cascade laser to be formed 
on a semi-insulating GaAs substrate (col.3 para.1). 

With respect to claim 24, Williams discloses the cascade laser as outlined in the 
rejection to claim 1 , wherein the laser would inherently function as an amplifier to 
incoming radiation in the 1 to 10 THz range, and additionally an input port and output 
port would be located at either facet of the device. 

With respect to claim 25, Williams discloses a quantum cascade laser of claim 1 , 
comprising a semiconductor substrate (col.3 para.1). 

With respect to claim 26, Williams discloses the phonon scattering rate of 
electrons from the lower lasing state to the relaxation state to be in the range of about .1 
to about .6 ps (col.2 para.2, 0.55ps). 
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Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

Claim 28 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Williams. 

With respect to claim 28, Williams teaches the quantum cascade laser as 
outlined in the rejection to claim 1 , and additionally teaches the oscillator strength to be 
sufficient in order to have significant gain (col.1 para.1). Williams does not teach the 
strength to be about unity. It would have been obvious to one of ordinary skill in the art 
at the time of the invention to infer the "sufficient oscillator strength" teaching of Williams 
would imply a value close to unity, as this is the peak strength value and would lead to 
the highest amount of gain. 
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Claims 3 and 27 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Williams in view of Williams(2) et al. (Williams et al. "3.4 THz quantum cascade laser 
operating above liquid nitrogen temperature" Elec. Letter., Vol. 39, No. 12 
(06/12/2003)). 

With respect to claims 3 and 27, Williams teaches the cascade laser as outlined 
in the rejection to claim 1 , but does not teach the laser to generate radiation at 
temperatures above about 87K. Williams(2) teaches a cascade laser which operates at 
temperatures above about 87K (abs.). It would have been obvious to one of ordinary 
skill in the art at the time of the invention to combine the cascade laser of Williams with 
the operating temperature of Williams(2) in order to provide for a device that does not 
require additional extreme low temperature cooling equipment to be used in conjunction 
with its operation. 

Allowable Subject Matter 

Claim 4 is objected to as being dependent upon a rejected base claim, but would 
be allowable if rewritten in independent form including all of the limitations of the base 
claim and any intervening claims. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Claim 4 is believed to be allowable as the prior art was not found to teach a 
quantum cascade laser operating in the 1-10 THz range that operates above about 



Application/Control Number: 10/661,831 Page 9 

Art Unit: 2828 

130K. The prior art cited both in this action, and the previous, teach vary low temp 
operation when this wavelength regime is utilized (anywhere from 5-80K), and higher 
temps when mid-infrared regimes are used (hundreds of K, near and above room 
temp). It is not found to be obvious to combine the different wavelength regimes 
together, as noted by the applicant (see Remarks), as fundamental device operation 
and structural features vary between these devices. 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Tod T. Van Roy whose telephone number is (571)272- 
8447. The examiner can normally be reached on M-F. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Minsun Harvey can be reached on (571)272-1835. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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